INTRODUCTION
Polyribo-and polydeoxyribonucleotides differ significantly in their capacity to induce interferon and resistance to virus infection (Colby & Chamberlin, x969; De Clercq, Wells & Merigan, I97O ) . The differencesin antiviral activity among several RNA and DNA polymers, including alternating copolymers and homopolymers pairs of (deoxy)-riboadenylic and uridylic (thymidylic) acid, and of (deoxy)-ribocytidylic and (deoxy)-riboinosinic acid, could not be attributed to differences in kinetics of cell-binding or persistence of polymer at the cell surface (De Clercq, Wells & Merigan, I97z) .
Poly(rI). poly(rC), a homopolymer pair of polyriboinosinic and polyribocytidylic acid, is one of the most active and most extensively studied nucleotide inducers of interferon (Field et al. I967; Hilleman, I97o) . Its antiviral activity varies considerably according to the cell culture system used, with respect to the species of origin and as to whether they are primary, cell strain, or line cells (Field et al. I968; De Clercq & De Somer, I97I, I972) . Primary rabbit kidney cells and human embryonic skin fibroblasts are more sensitive to the antiviral activity of poly(rI), poly(rC) than any other cells so far tested. Mouse embryo cells, mouse L-929 cells and RK 13 cells (a stable rabbit kidney cell line) show an intermediary sensitivity. Attempts have now been made to correlate the differences in antiviral activity of poly(rI). poly(rC) in these cell cultures to differences in interaction of the polynucleotide with the cells. The antiviral activity of poly(rI).poly(rC) was assessed by determining the minimum amount of polymer required to induce cellular resistance to virus infection. Interaction of poly(rI), poly(rC) with the cell was monitored by measuring (I) the rate of binding of [3H]-labelled polymer to the cell, (2) accessibility of cell-bound polymer to extraneous nuclease treatment, and (3) the degradation of cell-associated polymer by cellular enzymes.
METHODS
Cell cultures. Primary rabbit kidney (PRK) cells, human skin fibroblasts (HSF), primary mouse embryo fibroblasts (MEF), mouse L-929 cells, RK (rabbit kidney) ~3 cells, HeLa cells and two lines of African green monkey kidney cells (BSC-I and VERO) were grown to confluency in 50 mm Falcon plastic Petri dishes. PRK cell cultures were generally used 3 to 4 days after plating, HSF were used at 7 days, MEF at 3 days, L-929 at 2 to 3 days, RK I3 at 4 to 5 days, HeLa at 3 days, BSC-I at 2 days and VERO at 3 days. Eagle's minimal essential medium (MEM) was used as the cell culture medium. Ten per cent calf serum was added to the medium for growth of the cells but omitted during the antiviral and cellinteraction experiments.
Polynucleotides. Poly(rI). poly(rC) was prepared by annealing equal amounts of poly (rI) and poly(rC) (both purchased from P-L Biochemicals, Milwaukee, Wisconsin, and dissolved in Dulbecco's phosphate-buffered saline at I mg/ml) at 45 °C for 1 h. [3H]-Labelled poly(rC) (44"8 mCi/m-mol P, 8"95 #g/#Ci), dispensed in 5o ~ ethanol, was obtained from Miles Laboratories, Elkhart, Indiana; the polymer was lyophilized, dissolved in Dulbecco's phosphate-buffered saline (PBS) at IO #g/ml and complexed with an equal volume of Io #g/ ml of poly(rI) (P-L Biochemicals) (in PBS) at 45 °C for I h. The resultant specific radioactivity of [3H]-poly(rI).poly(rC) was about 3oooo ct/min/#g. Both unlabelled poly(rI). poly(rC) and [aH]-poly(rI).poly(rC) were stored at -20 °C.
[3H]-Uridine (1o Ci/m-mol) was obtained from the C.E.N. Radioisotopes Department, Mol, Belgium. Antiviral activity. Antiviral activity was measured by a virus plaque reduction assay.
Serial (I to Io) dilutions of poly(rI), poly(rC) in MEM were applied to confluent cell monolayers (4 ml/Petri dish). The cells were incubated at 37 °C for 24 h, the medium was removed and the cells were challenged with VSV (bovine vesicular stomatitis virus Indiana serotype), Virus plaques were counted 2 days later. The degree of antiviral activity was defined as the minimal inhibitory concentration of polymer required to reduce virus plaque formation by 5o ~.
Radioactivity analysis. Total and acid-insoluble radioactivity were measured in the supernatant fluid and/or cell homogenates of cell cultures which had been exposed to [aH]-poly(rI). poly(rC) (concentrations and times, as indicated in the text and Figs.). Cell homogenates were prepared as follows: cell monolayers were washed 3 times with chilled PBS before adding I ml of chilled hypotonic buffer (o-oI M-NaCI, o-oI M-tris-HCl, pH 7"2, o-ooi5 MMgC12) per Petri dish. The cells were then scraped with a rubber policeman into glass tubes and disrupted by treatment for 2 m# in a Ioo W ultrasonic disintegrator (MSE) operating at a nominal frequency of 2o kc/s and at a maximum output (8 # peak-to-peak on the amplitude meter). The cells and cell homogenates were kept in an ice bath during these manipulations. To measure total radioactivity, aqueous samples (I ml/vol.) were directly 
Cell interaction of poly(rI

Treatment of cells with ribonuclease.
To measure the effect of ribonuclease treatment on cell-associated radioactivity in cells which had been exposed to [3H]-poly(rI).poly(rC), the cells were incubated with o. 4 #g/ml of the radiolabelled polymer for I h at 37 °C, washed (3 × ) with MEM and then treated for an additional 30 min at 37 °C with 4 or 4 ° #g/ml of pancreatic ribonuclease (bovine pancreatic ribonuclease-A, 5 × crystallized, purchased from Sigma Chemical Co., St Louis, Missouri) in MEM containing 10 -3 M-EDTA (ethylenediamine tetra-acetic acid).
RESULTS
Antiviral activity of poly(rI).poly(rC) in different cell cultures
The minimum amount of poly(rI).poly(rC) required to induce resistance against VSV varied considerably in the eight cell cultures tested. As shown in Table I , PRK and HSF were most sensitive to poly(rI).poly(rC), MEF, L-929 and RK I3 cells demonstrated an intermediary response. HeLa and BSC-I cells were relatively insensitive, and VERO cells were completely refractory. 
Rate of cell-binding of[3H]-poly(rI).poly(rC)
Confluent PRK, HSF, MEF, L-929, RK 13, HeLa, BSC-I and VERO cell monolayers were exposed to o.I #g/ml of [3H]-poly(rI).poly(rC) for various periods of time (3, IO, 3 o, 6o and I2O min). Cell-binding was evaluated by measuring the loss of total and acidprecipitable radioactivity from the cell supernatant ( Fig. I ) and the association of total and acid-precipitable radioactivity with the cell (Fig. 2) .
The rate of disappearance of total and acid-insoluble radioactivity from the supernatant fluid ( Fig. I ) and the rate of uptake of total and acid-insoluble radioactivity by the cell (Fig. 2) did not differ significantly from one cell culture to another; small differences could be observed but these did not correlate with the differences in antiviral activity of [3H]-poly(rI), poly(rC) in the cell cultures tested. Some similarities were noted in the patterns of disappearance of radioactivity from the cell supernatant between HSF and HeLa cells, between RK I3 and PRK cells, between MEF and L-929 cells, and between BSC-I and VERO cells ( [3H]-Uridine was exposed to confluent cell monolayers at I #Ci/ml in MEM (I ml/Petri dish) at 37 °C for 30 min. The cells were washed (3 x ) with MEM, treated for 30 min at 37 °C with MEM+ io -3 M-EDTA or with MEM+ lo -~ M-EDTA+4o #g/ml of pancreatic RNase (I ml/Petri dish), and then analysed for acidinsoluble radioactivity.
Thus, the data presented in Figs The increase in total and acid-insoluble radioactivity in cells exposed to [3H]-poly(rI). poly(rC) was not affected by pretreatment of the cells with actinomycin D: PRK cells which had been treated for 30 min with I #g/ml of actinomycin D and then incubated with [aH]-poly(rI).poly(rC), showed identical radioactivity counts [measured at 3 rain, 3o min and 2 h after exposure of the cells to poly(rI), poly(rC)] as compared to cells which had not been treated with actinomycin D. At the dosage used, actinomycin D blocked incorporation of [3H]-uridine into host cell RNA by more than 95 ~ (see also Vilcek, I97o). These findings indicate that the increase in cell-associated radioactivity observed within 2 h following incubation of the cells with [3H]-poly(rI). poly(rC) is due to a gradual uptake of pH]-poly(rI). poly(rC) by the cell and not to reutilization of degraded polymer material into host cell RNA synthesis.
Accessibility of cell-associated [3H]-poly(rI) .poly(rC) to pancreatic ribonuclease treatment
To measure the sensitivity of cell-bound poly(rI), poly(rC) to pancreatic RNase, confluent cell monolayers were first incubated with [3H]-poly(rI). poly(rC) (o.4 #g/ml) for • h at 37 °C, washed (3 x ) with MEM, and then treated with either 4 or 40/zg/ml of pancreatic RNase/ml On: Wed, 02 Jan 2019 20:32:24 (Table 2) . Thus, any effects obtained with pancreatic RNase in [3H]-poly(rI). poly(rC) treated cell cultures should be ascribed to a release and/or degradation of polymer that is superficially associated with the cell.
Cell-interaction of poly(rI) .poly(rC) I 19
As shown in Fig. 3 , treatment of the cells with 40 #g/ml of pancreatic RNase removed a substantial part of the cell-associated (acid-insoluble) radioactivity in PRK, HSF, MEF and L-929 cells, a somewhat smaller part of the cell-associated radioactivity in RK I3 cells, but almost no cell-bound radioactivityin HeLa, BSC-I and VERO cells. Relatively large amounts of cell-associated radioactivity were lost upon an additional incubation of [3H]-poly(rI). poly(rC)-treated cell cultures with control medium (with or without Io -a M-EDTA) (Fig. 3) .
Fate of cell-bound [3H]-poly(rI).poly(rC)
The fate of cell-associated [3H]-poly(rI). poly(rC) was studied in HSF, PRK, HeLa and L-929 cells. Part of the cell cultures was exposed to I #g/ml of radiolabelled poly(rI), poly(rC) for 3o min, I h or 2 h. Another part of the cell cultures was exposed to poly(rI), poly(rC) for 30 rain, washed (3 ×) with MEM, and further incubated with polymer-free MEM for 3o min or 9o min. Still another part of the cell cultures was exposed to poly(rI).poly (rC) for 60 rain, then washed (3 x ) with MEM, and further incubated with polymer-free MEM for 60 rain.
In cell cultures which were no longer exposed to [aH]-poly(rI). poly(rC) from a certain time, but further incubated with control medium, part of the cell-bound acid-insoluble radioactivity was lost (Fig. 4) . The decrease in cell-associated radioactivity noted after the additional incubation with control medium did not differ significantly from one cell culture to another (Fig. 4) -
The finding that cell-associated radioactivity did not further increase once incubation of the cells with [aH]-poly(rI). poly(rC) was ended, is in agreement with the conclusion reached before that cell-associated radioactivity measured in cells which were exposed to [aH]-poly(rI).poly(rC) is due to cellular uptake of the polymer and not to incorporation of degraded polymer material into host cell RNA.
DISCUSSION
Studies have been undertaken to correlate the differences in antiviral activity of poly(rI). poly(rC) in various cell cultures to differences in the interaction of poly(rI), poly(rC) with the cell. Assessment of the interaction of the polynucleotide with the cell was based on three parameters: (I) rate of cell-binding of [3H]-poly(rI).poly(rC), monitored by the loss of radioactivity from the cell supernatant and by the increase of radioactivity associated with the cell; (z) accessibility of cell-bound [~H]-poly(rI). po]y(rC) to ribonuclease, as determined by measuring the loss of cell-associated radioactivity following exposure of [3H]-poly(rI). poly(rC)-treated cells to ribonuclease; and (3) fate of cell-bound [SH]-poly(rI). poly(rC) (due to degradation of cell-bound polymer by cellular enzymes. The antiviral activity of poly(rI). poly(rC) was assessed by determining the minimum amount of polymer required to induce cellular resistance to virus infection. This procedure may also be considered as a valuable estimation of the interferon inducing capacity of poly(rI), poly(rC), as several studies suggest that the induction of resistance to virus infection by synthetic polynucleotides is accounted for by interferon production (Stewart, Scott & Sulkin, i969; Stewart & Lockart, I97o; Schafer & Lockart, I97o; De Clercq & Merigan, I97I ; Vilcek & Varacalli, I97I) .
According to their sensitivities to the antiviral activity of poly(rI).poly(rC), the cell cultures studied could be classified as follows (in order of decreasing sensitivity): PRK, HSF, MEF, L-929, RK ~3, HeLa, BSC-r, and VERO (Table I ). The binding of [aH]-poly(rI). poly(rC) to the cells, as determined by measuring the loss of radioactivity from the cell supernatant or the uptake of radioactivity by the cells (Figs. I, 2 ) did not correlate with the antiviral activity of poly(rI), poly(rC) in the respective cell cultures: e.g. VERO cells which are completely refractory to the antiviral activity of the polynucleotide bound [3H]-poly(rI). poly(rC) equally well as PRK, the most sensitive cells.
The lack of a direct correlation between antiviral activity and cell-binding rate ofpoly(rI). poly(rC) in different cell cultures is consistent with the assumptions made before that: (I) the majority of poly(rI), poly(rC) molecules binding to the cell are not directly involved in the interferon stimulation process (Bausek & Merigan, 1969) ; and that (2) a specific receptor site exists either at the cell surface (De Clercq et al. I972) or within the cell (Colby & Chamberlin, ~969) , which recognizes particular structural features in the polynucleotide and reacts only with a small portion of the total amount of polymer bound to the cell.
In analogous studies, Schafer & Lockart 0970) have also failed to demonstrate differences in the rate of binding of [3H]-poly(rI). poly(rC) to two lines of monkey kidney cells (LLC-MKz and VERO) which differed markedly in their sensitivity to the antiviral action of poly(rl). poly(rC). However, the experimental approach employed by these authors differed from ours in that the kinetics of binding of poly(rI), poly(rC) to the cells was studied over an extended period of time (24 h instead of 2 h). This long exposure time is unnecessary for maximum interferon production and antiviral activity, as yields of interferon and degree of antiviral resistance are not augmented by exposure times beyond I h (De Clercq et al. I971 , Billiau, Van den Berghe & De Somer, ~ 972; Pitha, Marshall & Carter, I972) .
Whereas a substantial amount of cell-bound pH]-poly(rI).poly(rC) could be removed from PRK, HSF, MEF, L-gz9 and RK 13 cells upon treatment of the cells with pancreatic ribonuclease, HeLa, BSC-I and VERO cell-bound [3H]-poly(rI).poly(rC) appeared to be completely inaccessible to the action of pancreatic RNase (Fig. 3) . Of these eight cell cultures, HeLa, BSC-I and VERO cells are also the most refractory to the antiviral action of poly(rI). poly(rC). They are certainly more resistant than mouse L cells, which can be primed by interferon for interferon production by poly(rI), poly(rC) in conditions, under which HeLa and VERO cells cannot (Stewart, Gosser & Lockart, 1972) . In as far as sensitivity of cellassociated poly(rI), poly(rC) to nuclease treatment can be considered as a valuable parameter of persistence of the polymer at the outer cell membrane, it may be concluded that poly(rI). poly(rC) persisted for a longer time at the surface of those cells which were more sensitive to its antiviral action. A direct correlation between antiviral activity, rate of cell-binding and persistence of polymer at the cell surface has previously been observed with poly(rA-U), an alternating copolymer of riboadenylic acid and ribouridylic acid (De Clercq et al. I97I) , and with several other polynucleotides (De Clercq et al. ~972) upon preincubation of each individual polymer at 37 °C. Although no direct relationship could be established between antiviral activity and rate of cell-binding among the various polyribo-and polydeoxyribonucleotides, referred to in De Clercq et al. 0972), there appeared to be an inverse correlation between antiviral activity and persistence of the polymer at the cell surface. This negative correlation is rather difficult to reconcile with the (0 positive correlation found between the antiviral activity of poly(rI), poly(rC) in different cell cultures and its persistence at the outer cell membrane of these cultures (Fig. 3) ; and (2) the positive correlation between the effects of thermal activation on antiviral activity and persistence at the cell surface, observed with poly(rA-U) (De Clercq et al. t97I ) and seven other polynucleotides (De Clercq et al. I97Z ) . Neither the reasons for this apparent discrepancy nor the relevance to antiviral activity of persistence of polymer at the cell surface is clear. Studies directed at delineating the state (size) and subcellular localization of cell-bound poly(rI), poly(rC), now in progress, may ultimately resolve these problems. 
